ABSTRACT Work-related musculoskeletal and cardiovascular disorders are still prevalent in today's working population. Nowadays, risk assessments are usually performed via self-reports or observations, which have relatively low reliability. Technology developments in textile electrodes (textrodes), inertial measurement units, and the communication and processing capabilities of smart phones/tablets provide wearable solutions that enable continuous measurements of physiological and musculoskeletal loads at work with sufficient reliability and resource efficiency. In this paper, a wearable system integrating textrodes, motion sensors, and real-time data processing through a mobile application was developed as a demonstrator of risk assessment related to different types and levels of workload and activities. The system was demonstrated in eight subjects from four occupations with various workload intensities, during which the heart rate and leg motion data were collected and analyzed with real-time risk assessment and feedback. The system showed good functionality and usability as a risk assessment tool. The results contribute to designing and developing future wearable systems and bring new solutions for the prevention of work-related disorders.
I. INTRODUCTION A. PROBLEM DESCRIPTION
Work-related musculoskeletal disorders (MSDs) are one of the most common work-related complaints, which can lead to poor health, decreased performance, sick leave and inability to carry out household and leisure-time activities, and they cause an enormous economic burden for society [1] - [3] .
Organizations are in many countries required to make assessments of risks for work injuries and to take necessary actions. There are several reasons why physical risks are not prevented to the extent that they could be [4] . One reason is the lack of expertise and resources to make accurate risk assessments in the workplace. Another reason, which overlaps with the first one, is the lack of time-efficient methods that are easy to learn, to use and whose results are easy to interpret in terms of the risk level [5] . Meanwhile, the experience of several companies is that physical risks and MSDs can be reduced by taking a systematic approach, firstly performing risk assessments of work tasks, secondly clarifying and visualizing the risk situations, and finally prioritizing and addressing the risks through interventions [6] . These experiences indicate that new automatic risk assessment systems with high accuracy, usability and resource efficiency will facilitate significant improvements in the prevention of physical risks and MSDs.
There are many causes to MSDs and they are considered multifactorial. One overview is given in the newly developed risk assessment tool RAMP [7] , considering physical risk factors, e.g. postures, movements, repetitive work, lifting and force exertion, as well as psychosocial and organizational factors.
Studies have shown that both too high and too low exposures of physical workload (including physical activities) are associated with adverse effects on health and performance [8] - [13] . More specifically, work with high energetic demands can lead to mental and physical fatigue, poor health, work injuries and decreased work performance [14] . On the other hand, work with prolonged periods of sedentary behavior can result in cardiovascular diseases, musculoskeletal disorders, diabetes and cancer [11] , [15] , [16] , while work with prolonged standing is related to back pain, cardiovascular problems, fatigue, and pregnancy issues [17] , [18] .
B. TECHNOLOGY DEVELOPMENTS
The idea of recording physiological signals and movement patterns through different sensors integrated in clothing is by no means new. Intelligent biomedical clothing [19] using wearable technology for supporting healthcare has been on the agenda for well over a decade [20] - [24] . Significant research and development efforts led by the European Union resulted in a substantial number of projects [25] - [31] and serious commercial attempts [32] - [35] , as listed in Table 1 . However, with the exception of chest belts, vests and some T-shirts with built-in textile or rubber electrodes for recording cardiac bio-potentials in fitness and sports applications, to date, few products have reached the mainstream market in a successful manner. The wearable sensors market has come to an unexpected standstill partly due to the lack of an actual application with the strength to pull the technology through. This also influences the pricing of textile-electronic manufacturing. The current on-going healthcare transformation [36] , [37] aims primarily at personalized and preventive healthcare [38] and it is built precisely on solutions for pervasive monitoring based on wearable sensors, artificial intelligence driven analysis and IoT technologies [39] . The developments in personalized and preventive health monitoring systems and services support an expansion in the markets for wearable sensors, sensorized garments and smart clothing.
C. THE VISION
The long-term vision for the research, in which this study is the first step, is to develop an automated and comprehensive system of smart work clothing. This system will measure, assess and communicate, e.g. visualize risks for MSDs and cardiovascular disorders based on physical workload, and thereby provide a basis for prevention. This future system is based on work clothes consisting of wearable sensors and sensorized garments. Sensors are woven, knitted or stitched into textile garments to measure biopotentials e.g., from cardiac or skeletal muscle activity and electrical bioimpedance. Miniaturized electronics units including gyroscopes, magnetometers and accelerometers attached to and integrated in the clothes measure the postures, movements and forces exerted. The workwear includes a cap or a helmet, a T-shirt, gloves, shorts and socks/insoles. Measurement data are transferred to a computer or cloud storage for subsequent analysis. Algorithms based on research and experiences from organizations allow a risk assessment to be performed based on the data collected. The results from this risk assessment are visualized in different forms according to the needs of the different stakeholders, for example the worker, the ergonomist, the coach or the management. Collection of data from several persons doing the same job allows assessment of the workplace and the work.
In parallel with the data collection, the measurement signals are also analyzed in real time for immediate feedback. Algorithms are used for providing feedback based on realtime risk estimation. These analyses and risk estimations are communicated directly to the user, e.g. visualized by the changing color of the workwear, by figures or diagrams on a monitor, or by vibrations, sound or voice feedback.
The collection of data allows analyses of loads on different body structures such as joints and muscles, activities and movement patterns. In the next step, these results are compared with research-based studies on risks for musculoskeletal and cardiovascular disorders in relation to the capacity of the working population. In this way, risks from the work and workplace can be assessed automatically, and the needs for improvements and their urgency are visualized. The system also allows the assessment of individual movement patterns and work techniques in order to train new employees in appropriate work techniques.
Not only physically strenuous jobs can be assessed with this technology. Long-term sitting or standing at work are also risk factors for health impairments. Therefore, the system is able to analyze risks from over-exertion as well as risks due to a lack of physical activity or prolonged sitting or standing.
Still another application area is that the ergonomic analysis methods can also be used for digital human modeling tools [40] . Hereby, work and workplaces are assessed virtually, before they are built in reality. This bridges the gap between ergonomics assessments in the design phase and assessments made during the operative phase when workplaces are utilized.
The advantages of this new technology using smart work clothing are new opportunities to automate assessment of risks at work, with good accuracy and resource efficiency regarding time, competence demands and equipment costs. It also allows real-time feedback on unsuitable work behavior and proactive warning indications regarding adverse body loadings.
D. THE DEMONSTRATOR
In recent years, attempts have been made to develop technologies for assessing risks or measuring undesired postures at work, by putting inertia measurement sensors (IMUs), smartphones or goniometers on the human body [41] - [45] . Vignais et al. [46] offered real-time feedback to workers and showed improvement of their work technique in a laboratory setting.
The idea behind the equipment used in this study was to integrate new technologies of electronics and textile production into work clothes that provide accurate measurements and give feedback of the general physical workload in working life.
This study is a first step on the way to the vision described above. Here, the focus was on both high and low physical workloads when developing the demonstrator.
E. AIM
The aim of this study was to demonstrate how a newly developed wearable system can be used to assess and visualize risks related to the physical workload, and to assess the applicability and usability of this system. A second aim was to obtain experiences for further developments of smart work clothing.
II. MATERIALS AND METHODS

A. HARDWARE SUB-SYSTEM AND DATA RECORDING
The set of the wearable system used in this study consisted of a vest sensorized with textrodes, a wireless electrocardiogram (ECG) and thoracic electrical bio-impedance (TEB) recorder [47] , [48] , a wireless inertial measurement unit (IMU), and a tablet.
The vest [47] , [48] , shown in Fig. 1 , included four textrodes made with conductive Shieldex R Fabric P130+B manufactured by STATEX GmbH (Bremen, Germany). One pair of electrodes was used for current injection for the TEB measurement, and the other pair for recording biopotentials for the ECG and the voltage sensing for the TEB measurement. The shoulder strap ensured that the vest would maintain its position during all kinds of activities. A compact recorder, ECGZ2 (Z-Health Technologies AB, Borås, Sweden), was connected to the vest to record and transmit the ECG and TEB signals. The unit featured a 1-lead ECG and TEB at 50 kHz, sampled at 250 Hz and 100 Hz, respectively. A small pocket on the strap of the vest housed the recorder.
A miniature IMU (LPMS-B2, LP Research, Tokyo, Japan, size 39 × 39 × 8 mm) was used to capture motion data for activity classification in the system. The accelerometer in the IMU had a range of ±16 G with 16-bit resolution and a sampling frequency up to 400 Hz. In this study, the sampling frequency was set to 30 Hz. The IMU was attached to the trousers on the mid-thigh using an elastic textile strap.
Data from the ECG and TEB recorder and IMUs were transmitted wirelessly through Bluetooth to an Android tablet (Samsung, SM-T713) where the data were stored, processed and visualized. R-R intervals were extracted from the ECG signals using an online R-peak detection algorithm [49] to calculate the heart rate (HR). The TEB signals were bandpass filtered with a 0.04-1 Hz passband to reduce the motion artifacts and cardiac components.
B. SOFTWARE SUBSYSTEM AND DATA PROCESSING 1) THE APPLICATION
An Android-compatible application was developed which integrated both the graphical user interface and the communication system that was connected to the wearable system via Bluetooth. The combination enabled users to have, in parallel with the data collection for post-analysis, a real-time analysis of the measurements for feedback, in form of an alert from the application, risk estimation and visualization.
The application could run on smart phones or tablets with the operative system Android Marshmallow 6.0 or higher. To start with, information on the individual, such as age, gender, weight, height, identification and data from the Chester
Step test, were entered in the starting screen, see Fig. 2a . Then, the application was connected to the sensors, i.e. the ECGZ2 and the IMU. The subject was asked to stand straight as a reference posture, and the measurement was started. VOLUME 6, 2018 FIGURE 2. Screenshots of the Android application developed in this study: (a) starting screen to enter user information and data from Chester Step test; (b) screen of heart rate and relative aerobic strain (RAS) with risk assessment during the measurements; (c) screen of physical activities with risk assessment during the measurements.
During the measurement, the user had access to a screen where color-coded icons informed of the risk level. The user also had access to the elaborated data of each factor in the risk assessments (as explained in section IIC), as shown in Fig. 2b -c.
In parallel, the application recorded both the raw information from the sensors and the risk assessment results, marked with a univocal time stamp. This information was labeled with the individual's identification, giving the possibility of performing subsequent offline analysis.
2) DATA PROCESSING
Relative levels of energy expenditure and the time of physical activities were calculated for the ergonomic evaluation (which is explained in the following section IIC).
For evaluating energy expenditure, the individual's maximal aerobic capacity (VO 2max ) and oxygen consumption (VO 2 ) were calculated. An individualized HR-VO 2 relationship was obtained by the Chester step test [50] , [51] . Briefly, the Chester step test was an incremental test including a maximum of 5 stages, each lasting 2 minutes. The individual was instructed to step up and down on a step, the height of which was chosen as 15, 20 or 25 cm, depending on the individual's age and physical activity history [51] . The stepping rate was set by a metronome and started from 15 steps/min in the first stage, with an increase of 5 steps/min for each subsequent stage. The HR at each stepping stage was recorded. The test was stopped when the subjects reached their 85% age-predicted maximal heart rate (calculated from HR max = 208−0.7×age [52] ) or felt unable to continue. The VO 2max was estimated by applying the HR max to the individual HR-VO 2 relationship. In addition, the Flex HR model was used to improve the accuracy of VO 2 estimation during work [53] . Briefly, a flex-HR point was determined as the average of the lowest HR during exercise and the highest HR during rest for each individual to separate resting and activity. When the HR was below the flex-HR point, the resting metabolic rate (RMR), calculated from the Oxford equations [54] , was used; when the HR is above the flex-HR, the individualized HR-VO 2 relationship was used.
Physical activities were classified as sitting, standing or other activities, since the time of sitting and standing was of interest in this study. The algorithm validated by Skotte et al. [55] was applied in the system. Briefly, the standard deviation of acceleration in the vertical axis was used to discriminate the sitting and standing from other activities, and then sitting and standing were discriminated at an inclination angle of 45 degrees.
C. ERGONOMIC EVALUATION 1) OVERALL RISK ASSESSMENT
Color-coded risk levels-resembling traffic lights-were used to show the evaluation results: a green light meaning no or low risk, a yellow light meaning potential risk which requires further inspection, and a red light meaning high risk. This form of results facilitates the identification, interpretation and reporting of potential risks as well as getting a general assessment of the work task. When needed, analysis in detail was done offline with all the raw data stored in the system.
a: HEAVY WORKLOAD
To assess energy demands, the risk levels were given based on the average relative aerobic strain (RAS), which was calculated as the ratio between the oxygen consumption and the individual's VO 2max . The risk level was defined for an 8-hour working day and values were drawn based on the literature, as shown in Table 2 [56]- [60] . If the RAS exceeded 33%, the work task was assessed as red, suggesting it imposed a too high energy demand on the worker and the task should be adjusted or acted upon. If the RAS was below 33% but exceeded 25%, the work task needed to be analyzed further regarding whether it involved mainly arm or leg work and if it had a static or dynamic component. For work tasks that mainly had a static component or mainly involved arm work, the energy demand was too high and the task should be adjusted. For work tasks with mainly a dynamic component or involving large muscle groups, the energy demand was assessed as acceptable. In this study, the analysis was based on information on the occupation. 
b: SEDENTARY BEHAVIOR AND PROLONGED STANDING
To assess prolonged sitting or standing, both the temporal pattern and the total time were considered. There is currently no consensus on the optimal frequency for changing sitting or standing posture, and how long a break time is counted as effective, although researchers have pointed out the importance of combining two aspects: 'how much' and 'how often' workers should stay in one position [61] , [62] . A ratio of 1:1 for total standing and sitting time was suggested, i.e. for an 8-hour working day, the target should be 4 hours of sitting and 4 hours of non-sedentary time [63] . The definition of sedentary behavior used by different researchers has been vague. One consensus raised by the Sedentary Behavior Researcher Network suggested that sedentary behavior should be characterized as both having a low energy expenditure (≤1.5 METs) and being in a sitting or reclining posture [64] , [65] . In this system, the risk assessments regarding sitting and standing were based only on body posture and included both the 'how much' and 'how often' aspects, as shown in Table 3 .
The limits applied in this system are considered for an 8-hour working day. When measuring a shorter period of the work, the risk assessment can be made based on the measurement period given that this period is representing a normal whole working day. 
2) FEEDBACK
The feedback offered by this system was based on the temporal pattern of sitting and standing behaviors. Two levels of recommendations for both sitting and standing were included based on [62] and [63] , with the intention to remind the user of a variation of the posture and load (see Table 4 ). 
3) TIMELINE RISK ANALYSIS AND VISUALIZATION
The timeline data of energy expenditure and physical activities were accessible both during and after the measurement. The trend and variation of the exposures were presented, which enabled prediction of risks on-site. The time window for data presentation could be chosen between the last 5 minutes up to the whole measurement period. Also, the full data were available for further analyses off-line, e.g. for workplace evaluation based on group measurements.
D. FIELD STUDY SET-UP 1) PARTICIPANTS
Eight healthy participants were recruited from four occupations: two postal workers, two construction workers, two office workers and two drivers (two females and six males). This choice of occupation aimed to represent a variation of the work activities among the study subjects, i.e., a variation from light and sedentary work to dynamic and heavy work. The characteristics of the participants are shown in Table 5 (of which the VO 2max value was obtained through a submaximal step test as described in section IIB-2). Before the study, all participants were informed of the aims and procedure of the study and signed an informed consent. The study was approved by the Regional Ethics Committee in Stockholm (Dnr 2016/724-31/5). 
2) PROCEDURE
Data were collected in real work scenarios. The participants first filled in a pre-study questionnaire including demographic data and self-rated physical fatigue level (from 0 to 9). Later the participants were instructed to put on the smart vest and one IMU on the lateral side of the mid-thigh. Afterwards they were instructed to perform the Chester Step test. The demographic data gathered from the pre-study questionnaire and heart rate data from Chester
Step test were put into the system before the measurement started.
When the participants were ready to start their normal work routine, the system was started and all data recorded. Each participant was followed for 2 to 3 hours for the data gathering, and notes were taken regarding specific tasks observed and corresponding time points. Typical tasks of postal workers included driving an electric delivery vehicle, walking up and down stairs, and carrying and sorting mail while standing (see Fig. 3 ). Typical tasks of construction workers that were involved in this field study included screw driving, carrying and lifting performed in kneeling, standing positions or during walking, as shown in Fig. 4 . For the office workers, the tasks were mainly using a computer in sitting or standing positions, and also walking to other places in the office building. The drivers performed long distance driving delivering light weight goods as their tasks with one or two breaks in between.
After 2 to 3 hours of data collection, the measurements were stopped and the participants were instructed to take off the equipment. Directly afterwards, the participants filled in a post-study questionnaire of two parts. The first part included statements (Likert 7-scale, disagree-agree) regarding system usability and wearability, particularly the comfort and the encumbrance of wearing this system during work. The second part consisted of self-rated physical fatigue level (same as in pre-study questionnaire) and Borg's 6-20 RPE (Ratings of Perceived Exertions) scale of the work task [66] . 
III. RESULTS
The wearable system was well received by the users, and was regarded as usable to assess risks at work without disturbing or interfering with the work performance.
A. PERCEPTIONS OF THE WORK
The perceptions of the work task characteristics were revealed by self-reported physical fatigue level before and after the measurement, as well as the Borg's RPE scale of the tasks (see Table 6 ). Both postal workers rated their work as somewhat hard to hard, i.e. 13 and 14, during the measurement period. The construction workers, however, had really light work during the day and the measurement period, and rated their work as extremely light, i.e. 7, with no change in their physical fatigue level after the measurement period. 
B. SUMMATIVE RISK ASSESSMENT
The wearable system obtained color-coded risk assessment results for each subject for their work tasks. In this study, the results were extrapolated from the 2-3 hours' measurement data to an 8-h working day, and the risk level was assessed based on the risk assessment criteria, as described in section IIC. In a summative form, the mean RAS is presented for the whole measurement, and the risk level is given (see Table 7 ). Here, one postal worker (subject 4) was assessed as red, which suggested that if this level of physical workload was to be continued for a whole working day, the risk of developing adverse health effects was high in the long term. Subject 3 and 8 were assessed as yellow, which suggested that further analyses were needed to look into the work tasks and potential risks. The other subjects were assessed as green, which suggested the workers could maintain their work on this level without risks regarding physical workload. However, there might be other risk exposures in the work that were not measured by this system.
The proportion of the total time spent sitting and standing as well as the risk level is shown in Table 8 . Two drivers and one office worker (subject 1, 2 and 5) were assessed as red regarding their sitting behavior. The other office worker was assessed as yellow since the sitting duration exceeded 50% of the measurement time while no prolonged episodes were recorded. One construction worker (subject 8) stood for 62.9% of the time during the measurement but no prolonged standing episode was detected. Hence the risk assessment result was yellow. All other subjects were assessed as green, which means no risk was detected regarding their sitting or standing behavior. The proportion of time not fulfilling the recommendations is presented in Table 9 , which shows the time pattern of sitting/standing behaviors of the subjects.
C. ELABORATED MEASUREMENT RESULTS
In addition, the time-sequenced data was presented over the measurement period, showing the variation of both workload and physical activities to elaborate how the risk assessment was done. This information was available to help the assessor or the user to examine what happened during the task and to visualize the exposure pattern. One example of the physical activity plot of one of the office workers is shown in Fig. 5 . The energy expenditure during the measured work was also available to show the change of workload intensities over time. One example of the assessed energy expenditure (shown as RAS) during the 3-h measured period of a postal worker is presented in Fig. 6 .
Examples of the impedance pneumograph from the TEB measurement of one construction worker are shown in Fig. 7 . It demonstrates that the respiration rate and tidal volume increased during the work activity of higher intensity. 
D. USABILITY QUESTIONNAIRE
The results from the usability questionnaire are presented in Fig. 8 . All participants agreed (of which 50% strongly agreed) that the system was usable for assessing risks at work. Seven of the eight participants agreed that the system was easy to put on and take off, and comfortable to wear at work. Most of the participants agreed that the system did not distract or cause any disturbance to them when they performed their work, and the system was not unpleasant.
IV. DISCUSSION
This study has demonstrated an application of a wearable system to obtain risk assessments of work activities. The results confirmed that it has the potential to become a useful tool for automatic risk assessments in the future. The measurements were performed during different types of work with hardly any disturbance to the users. The equipment was considered relatively comfortable to wear. However, the technology needs some more development before it can be fully used in the field.
This study was designed to demonstrate the use of a wearable system for risk assessment; therefore, the number of subjects involved was limited. Four types of occupation were chosen to represent a variation of work characteristics, from being inactive to having a high workload; still, more FIGURE 7. Examples of filtered thoracic electrical bio-impedance (TEB) signals during (a) relatively low intensity work activities and (b) relatively high intensity work activities from one construction worker, from which a change in respiration rate and tidal volume can be observed.
occupations and longer measuring periods need to be tested. In this study, however, the construction workers involved didn't perform heavy tasks during the measurement period, as revealed by the subjective ratings of their work tasks (see Table 6 ). This also explained the relatively low RAS and low risk regarding their physical workload assessed by the system (as shown in Table 7 ). Moreover, when assessing the risk of certain work tasks, work stations or occupations, a group of people performing the task should be included, preferably over several working days.
Some limitations of the system were identified during the field study. Moisture between the skin and the textrodes is crucial to ensure the skin-electrode interface required for performing reliable ECG and TEB measurement. The vest contains padded textrodes and contains an elastic strap that exerts VOLUME 6, 2018 pressure over the electrodes as recommended by [67] and [68] to increase the resilience against motion artifacts. Despite the fact that the vest has been proven to remain operational for at least one hour, depending on the sweat situation or skin characteristics, nevertheless the skin-electrode interface may dry out if the subject is performing a low intensity activity for a long time. The increasing skin-electrode impedance caused by drying might weaken the robustness of the performance of electrodes, leading to increased noise levels, as reported by [68] . Moreover, marked movements may overcome the pressure exerted by the vest, causing motion artifacts that in some situations significantly influenced the quality of the ECG and TEB recordings. Since the connection and data transmission of this system was designed for operating in a personal area network, using Bluetooth, the distance between the data receiver (a smart phone or tablet) and the subject who wore the wearable system needs to be in a certain range to ensure recording. The physical activity classification used in the system, the algorithm from Skotte et al. [55] , was found to be misclassifying postures such as kneeling. Adjustment or further validation of the algorithm should be done to improve the detection of these work postures. One further improvement is to make the information about the equipment and the user interface easier to understand.
Another challenge was the algorithms for the assessments. There is often a shortage of relevant studies giving quantitative recommendations of risk levels, and sometimes the studies are contradictory. Risks of sitting and standing has been discussed for decades, but it was not until recently that researchers could quantify time patterns of these postures by using technical measurement methods and further relate risks to these exposures [63] , [69] , [70] . These problems mean that the assessment criteria have to be built on the ''best available knowledge'' and expert judgments when there are insufficient studies in the scientific literature [71] . The criteria can and will be updated as soon as better underpinned evidence is available.
Putting on and taking off the system was not considered as an issue, given that there were opportunities to change clothes at the workplace. No worker reported that the clothes disturbed them during their work (as shown in Fig. 8 ). The limited range of sizes of the vest and lack of sufficient adjustability meant that two of the participants had to wear a very tight vest, which did not give optimal comfort. Also, it is desirable, as described above, that the vest is tight enough to ensure the expected quality in the obtained recordings for performing ergonomic assessments.
Many of the participants were curious and had a positive attitude to the technology. However, the participants were volunteers, so those with a negative attitude towards the technology would probably have declined to participate.
A. OPPORTUNITIES
In the future, more research and development is needed to integrate sensors and models covering other body segments. Several studied showed that respiration data can be used in conjunction with heart rate measurements and motion data to improve the accuracy of the estimated energy expenditure [72] , [73] . The TEB signals were not used for real-time analysis in this study due to motion artifacts of some participants, but were collected and used to retrieve respirational data for developing offline assessment models for energy expenditure, which will be added in future versions of the system. There are also possibilities of assessing stress from physiological measurements, such as blood pressure or heart rate variability [74] . Moreover, the work characteristic of using mainly arms or legs and involving dynamic or static components can potentially be classified automatically with motion detection by wrist-and thigh-worn IMUs with a preset threshold, which need to be validated in future studies.
There is still a maximum of channels that can be recorded simultaneously. Since it is unnecessary to record signals that are of no interest in a specific job, modular production should be applied to provide individualized choices according to the different characteristics of occupations and various needs from e.g. occupational health services.
In the long term, smart work clothing has the potential to collect data on workers at multiple sites continuously, which will serve as an ideal tool for ergonomic evaluation and facilitate continuous improvement of the work environment. Moreover, by combining with Big Data analytics [75] , the system will offer opportunities for preventive occupational healthcare and better planning of work design.
V. CONCLUSION
This project is a first step towards the long-term vision to use smart work clothing as a tool for automatic assessment of risks for musculoskeletal disorders and cardiovascular diseases, and thus become an important tool for prevention in occupational health. Recording sessions in real work scenarios, including postal delivery, construction work, office work, and car driving demonstrated the use of the wearable system for assessing risks related to too high and too low physical workload. The usability and functionality of the wearable system were evaluated and the system was found to be comfortable and acceptable for the users. At this stage, the wearable system is a demonstrator of risk assessment, and also a demonstrator of the principles for how a comprehensive system could be developed. However, further development is required in order to obtain an automatic risk assessment system that is usable for prevention in many different types of work. He is passionate about health in workplaces. His area of expertise includes quantification of biomechanical loads on muscles and joints (arising from poor work posture, heavy loads, and repetitive movements), industrial ergonomics, participative ergonomics, and signal processing. He collaborates with physiotherapists, physicians, and psychologists to quantify work load, to identify the correlation between load and health, and to, in collaboration with industrial partners, develop work health recommendations at both the individual and organizational level.
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